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Description 
TECHNICAL FIELD 

. 5 The present Invention relates to a method In the washing of alkaline, cellulosic pulp, the washing being 
effected in one or more consecutive stages. 

In several processes within the cellulose Industry, for instance In the manufacture of sulphate pulp and che- * 
mi-mechanical pulp, immense volumes of relatively expensive chemicals are employed. In order that these pro- 
cesses be profitable, it is necessary that such treatment chemicals be recycled and regenerated as far as is 
10 possible. A further — and now steadily more pressing— reason for the extensive recycling of treatment chem- 0 
icals is the stringent requirements placed by central and local government authorities on low emissions of chem- 
icals Into the environment 

In order to attain washing results which answer to the requirements of such authorities, capital investment 
costs have had to be offset against running costs. As long as the price of energy was low, it was feasible to 
1$ increase the volume of washing water, according as the requirements on wash effluent losses became stricter. 
It was then possible to evaporate the thus obtained large volumes of water. However, now that the price of 
energy is many times higher, concentrated efforts must be devoted to evolving more efficient washing equip- 
ment and more efficient washing processes which, to a considerable degree, free the pulp of Hs treatment chem- 
' icals. 

20 US-A-4042452 relates to a system wherein the total washing efficiency is Increased by lowering the pH 
value in one or several liquid cycles of a washing system. In addition to increased efficiency, some advantages 
are thereby gained : If the pH of spent liquor is lowered, its color becomes considerably lighter. Also, foaming 
is reduced when the pH value is lowered. An acid wash considerably Increases the brightness of the fibers, 
especially if an oxidizing acid is selected. The oxidizing acid also oxidized sulfides, other reduced sulfur com- 

25 pounds and possibly hydrogen sulfide or mercaptan present into sulfites, sulfates, thiosulfates or elemental sul- 
fur. 

OBJECTS OF THE PRESENT INVENTION 

30 One object of the present Invention is to reduce washing losses In the washing of alkaline pulp. 

A further object of the present invention is to emasculate alkaline, cellulosic pulp of sodium ions. 
A third object of the present invention Is to increase the washing-out, from alkaline, cellulosic pulp, of sub- 
stances which contribute to chemical oxygen demand (COD). 

* 

35 SOLUTION 

These objects are attained according to the present invention, in the washing of alkaline, cellulosic pulp, 
in that, during washing in one or more stages, the pH is lowered in the washing stage or at least one washing 
stage, the preferred agent added to the washing stage or several washing stages being carbon dioxide. 
40 According to one embodiment of the present invention, the pH is lowered to approximately 9. 

According to a further embodiment of the present Invention, the pH is lowered by carbon dioxide in one or 
more washing stages, as a result of which there will be attained an improved washing-out from the pulp of sub- 
stances which contribute to chemical oxygen demand (COD). 

The preferred agent for realising an improved washing of the pulp is carbon dioxide which is added to wash- 
es ing water used In the washing of the pulp and/or to the pulp suspension, prior to the washing stage. Possibly, 
carbon dioxide may also be added to the washing stage proper. 

Carbon dioxide is the particularly preferred agent for attaining improved washing results. Carbon dioxide 
contains no environmentally hazardous substances such as chlorine or sulphur. 

However, In order to lower the pH, other acids may be added, for example sulphuric acid, which, granted, 
go contains sulphur, since the pulp which is washed according to the present invention has been treated, prior to r' 
the washing — with sulphate-containing treatment liquid. If used, sulphuric acid is preferably added together 
with carbon dioxide in order to achieve a more manifest reduction of pH. This said, the pH should not be reduced £ 
overly much, since undersirable reactions with residual lignin may then occur. 

Above all, the pulp which can be washed with an addition of carbon dioxide or other pH reducing agent is 
55 sulphate pulp of softwood and deciduous or hardwood, and also chentf-mechanica! pulp, CTMP and CMP. 

Since the washing operation is normally performed in several stages, the pH reducing agent is added in 
one or more stages, the agent not being added at least in the first washing stage. 

According to a particularly preferred embodiment of the present invention, the pH is reduced in the last 
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stage of, for example three or four washing stages, to approximately 5. in such instance, use may also be made, 
in addition to carbon dioxide, of a mineral acid, especially sulphuric acid. 

BRIEF DESCRIPTION OF THE ACCOMPANYING DRAWINGS 

5 

The nature of the present invention and its aspects will be more readily understood from the following brief 
description of the accompanying drawings, and discussion relating thereto. 
In the accompanying drawings : 

Fig. 1 is a schematic view of a laboratory plant for carrying the present invention into effect 
10 Fig. 2 is a schematic view of a laboratory plant for washing pulp countercurrently, and 

Fig. 3 is a schematic view of a slightly modified plant for washing alkaline putp in four stages. 

DESCRIPTION OF PREFERRED EMBODIMENT 

is Referring to the drawings, reference numeral 51 in fig. 1 designates a source for carbon dioxide which, by 
the intermediary of a conduit 57, is in communication with a rotameter 52, a manometer 53 and a vessel 54. 
The bottom 58 of the vessel 54 Is a sintered body which finely divides the gas entering from the source 51. 
During the carbon dioxide addition, the contents of the vessel 54 are agitated by means of an agitator 55 driven 
by a motor 56. 

20 To 25 g of dry pulp, there was added 200 ml of black liquor. The mixture was left to stand for 48 hours. 
Thereafter, the mixture was diluted with deionised water to one litre, i.e. to a 2.5% pulp concentration. The sus- 
pension underwent agitation for one hour before the filtrate was removed. The pulp was then subjected to wash- 
ing in four stages. In each stage, deionised water was added to a pulp concentration of 2.5%. Each washing 
stage lasted for one hour under agitation. All filtrates were kept for analysis. The amount of sodium in the wash- 

25 ing water was determined using atom absorption and COD according to the Dr. Lange method. 

In the accounted experimental series, carbon dioxide was added in the second washing stage during 5, 
10, 20 and 40 minutes, respectively. The carbon dioxide flow was constant and uniform in all experiments. 
Because of the low degree of efficiency on the dissolution of carbon dioxide in these experiments, the quantity 
of CO2 has not been calculated. In Industrial and other plants, equipment well-known to the person skilled in 

30 the Art may readily dissolve the carbon dioxide in the washing water and pulp suspension. 

It will be apparent from Table 1 that the total amount of washed-out sodium will be higher when CO2 is 
added in the 2nd washing stage. The effect becomes manifest already in the stage where the carbon dioxide 
addition took place, i.e. the 2nd stage. Na+ is more effectively washed-out as a result of the pH reduction which 
results from addition of CO2. 

35 The COD washing-out procedure is more complicated. Total amount of washed-out COD will be higher In 
an addition of CO2 in the 2nd washing stage. However, the effect is delayed and the improved washing effect 
does not become apparent until the 3rd washing stage. 

It is not clear why the COD washing-out improves in this way. One possible explanation is of surface chem- 
ical nature. The following will then apply : 
40 (RCOO) 2 Ca -» RCOONa (RCOOH) resin and fatty acids 
C0 2 + H 2 0 -+ H2CO3 
Ca* * CO3 2 - CaCOs 

CaCOs is more sparingly soluble than (RCOO)2 Ca 
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Table 1 



C0 2 addition in 2nd washing stage (C0 2 flow constant on 
addition) 
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COD (1) 
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1.13 
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COD (1+2+3) 












COD (1) 


1.17 


1.21 


1.19 


1.23 


1.25 



Na (tot) relates to the quotient of total washed-out Na and 

Na (1) washed-out Na in the first washing stage. Correspondingly the example below relates to 

COD (1+2) COD washed out in first plus second stage through 

COD (1) COD washed out in stage 1. 

No carbon dioxide was added in stage 1. 

pH(2) refers to pH after the second washing stage. 

Calcium carbonate is deposited temporarily, calcium being "inactivated". Calcium soaps are insoluble in 
character and do not form lamellar phases to the same extent as sodium soaps. The surface activity in the sys- 
tem increases, which gives an improved washing-out of organic substance. 

A trial has been made to wash birch kraft pulp counter-currently on a laboratory scale. The purpose of this 
trial is to get closer to full scale conditions by using a counter-current method and to make this washing on birch 
kraft pulp having a higher extract content than pine kraft pulp. 

The washing steps are schematically shown in figure 2. During steady state condition a batch of pulp sus- 
pension is supplied to the first washing, step 61, and washed by using the filtrate from the second step 62. The 
pulp washed in the first step is thereafter supplied to the second step 62 and washed with filtrate from the third 
step 63. The pulp washed in the second step thereafter is supplied to the third step in which said pulp is washed 
with filtrate from the fourth step 64. In the fourth step the pulp is washed with filtrate from the fifth step 65. In 
the fifth or last step 65 the pulp is washed with deionized water. 

For the washing of each batch there was used a total amount of 700 ml deionized water as a washing liquid. 
The washing for each step was made in a graduated cylinder and the pulp suspension was agitated during sev- 
eral minutes. The pulp slurry then was filtered using a Buechner funnel and 700 ml of filtrate was taken out 

For every batch of the pulp suspension 25 g of dry birch kraft pulp was mixed with 100 ml of black liquor. 
The suspension was allowed to stand at least 2 days before the washing was started in step 61. During this 
time equilibrium conditions were reached or almost reached. 

Two series of trials were made, one with carbon dioxide and one without carbon dioxide. In the first series 
no carbon dioxide was used. 

In order to build up a steady state washing system 16 batches were washed in each series. Batch No. 1 
was first washed in step 61 using 700 ml of deionized water, the obtained filtrate, 700 ml, was discarded. Batch 
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• 

No. 1 was then taken to step 62 and .washed with 700 ml of deionized water. This obtained filtrate of 700 ml 
was taken care of and used as washing liquid in step 61 for batch No. 2. In the third washing step 63, of batch 
No. 1, the pulp was washed again with 700 ml of deionized water, the obtained filtrate, 700 ml, was taken care 
of and used as washing liquid for batch No. 2 in step 62. The filtrate from batch No. 2 In step 62 then was used 

6 as washing liquid in step 61 for batch No. 3. The filtrate, 700 ml, from step 1 was discarded. Then batch No. 1 
was washed in step 64 with 700 ml of deionized water and finally in step 65 with 700 ml deionized water. The 
filtrate, 700 mi from batch No. 1 in step 65 then was used as washing liquid for the next batch. Thereafter 
deionized water was added only to step 65 and the filtrate from that step was used for washing the next batch 
in step 64, etc. The filtrate from step 61 for the 12 first batches was discarded. Then the last four filtrates from 

10 step 61 were taken care of, brought together to a comparative sample and analyzed. 

In the second test series carbon dioxide was added to step 65. The carbon dioxide was added during the 
washing, which took some minutes and took place during stirring of the pulp suspension deionized water. The 
steady state condition was buDt up in the same manner as was done in the reference series without carbon 
dioxide. The last four filtrates from step 61 out of the 1 6 filtrates obtained were brought together and analyzed. 

15 In addition, the pH of the filtrates from all steps was measured when the steady state condition had been 
reached. In the following, filtrate 61 designates filtrate from step 61 , filtrate 62 designates filtrate from step 62, 
etc. 

In table 2 the pH values of the filtrates after reaching steady state condition are shown. 

20 Table 2 

Filtrate pH without C0 2 pH with C0 2 

65 10.3 6.B 

64 10.6 9.4 

63 11.0 10.9 

62 11.6 11.8 

61 12.1 12.6 
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Washed pulp, i.e. pulp from batches 12-16 were brought together to one sample, and filtrate 61 was 
analyzed further. Filtrate 61 designates the last four filtrates in each series containing 16 batches taken from 
step 61 brought together to an average sample. The results from the analysis of the filtrate are shown in table 
3. 



Table 3 



without C0 2 with C0 2 

Na + (g/1) 3.59 3.81 

Ca 2+ (g/1) 0.033 0.033 



COD (g/1) 17.1 17.9 

COD « Chemical oxygen demand 
45 The results from the pulp analysis are shown in table 4 



Table 4 

without C0 2 with CO 

Na + (g/Xg) 2.00 1.34 

Ca 2+ (g/kg) 1.10 1.17 

COD (g/Xg) 10.19 9.37 

DKM extract (%) 0.10 0.08 
DKM * dichlor ©methane 
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Addition of C0 2 to the last washing step has resulted in that more sodium ions and COD have been washed 
out of the pulp. The content of calcium ions has not been affected to any appreciable degree. The extractives 
content (dichloromethane) in the pulp is tower after washing with addition of carbon dioxide. 

A modified plant for washing of pulp in sulphate cooking is illustrated In fig. 3 

According to fig. 3 the pulp comes from a digester (not shown) through a conduit 1 to a blow tank 3. The 
conduit 2 ieads to a blow condensor. The pulp in the blow tank 3 is diluted with weak (thin) liquor via a conduit 
4 from a weak liquor cistern 1 9. An agitator in the blow tank 3 is designated 5. 

The pulp from the blow tank 3 is passed through a conduit 29 to a knotter screen 6. The pulp passes thence 
to the first washing filter 15 and subsequently to the three following washing filters 16, 17 and 18. The filtrate 
from the first filter 1 5 Is collected in the weak liquor ct stem 1 9 and the filtrate from the other three filters in the 
washing liquor cisterns 20, 21 and 22, respectively. The washed pulp departs from the fourth filter 18 at refer- 
ence numeral 13. When the pulp passes from one filter to the next, the filter cake is comminuted by shredders 
8. nitrate from one filter is used as washing liquid in the preceding filter and dilution liquid in the same filter. 
Normally, pure water Is added to the last filter 18 as washing liquid, entering through a conduit 12. 

According to the present invention, carbon dioxide is introduced into the conduits 31 and/or 32 via conduits 
23 and 24, respectively. The carbon dioxide dissolves at once in the washing liquid and is led to the filters 17 
and 18, respectively through the conduits 31 and 32 and the conduits 10 and 11. The fatrate from the filter 16 
passes through a conduit 26 to the cistern 20. A pH sensor device is disposed either in the cistern 20 or in the 
conduit 26, the sensor controlling, by the intermediary. of the control and regulation equipment, the supply of 
carbon dioxide to the conduit 31. Correspondingly, there is disposed a pH sensor device in the conduit 27 or 
the cistern 21, this sensor being connected to control apparatus which maintains the pH at the predetermined 
level by adjusting the COa addition via the conduit 24. 

Water is added to the last washing filter 18, this water being admixed with carbon dioxide and/or sulphur 
dioxide. A pH sensor device may also be disposed in the conduit 28. 

It has been found that it is possible to reduce the wash losses, counted as Na 2 S0 4f by approx. 1 kg per 
batched kg of carbon dioxide. A suitable amount of carbon dioxide is approx. 6 kg per tonne of pulp, it being 
thus possible to reduce the washing loss by approx. 6 kg per tonne of pulp. 

In the manufacture of CTMP and CMP pulp, the cellulosic material is pre-treated with alkaline treatment 
liquid and is disintegrated in one or more refiners, normally disc refiners. The pulp suspension passes thence 
to a screen room. The accept therefrom then passes to a washing plant, for example of the type illustrated in 
fig. 3. 

Using the method according the the present invention, it is possible to improve the washing results of all 
alkaline, cellulosic pulp, irrespective of whether the pulp is softwood/hardwood pulp or any other type of pulp, 
for example produced from bagasse. 



Claims 

1 . A method in the washing of alkaline, cellulosic pulp, in which the washing is effected in one or more con- 
secutive stages, characterized in that the pH is lowered by carbon dioxide in the washing stage, or at least 
one washing stage. 

2. The method as claimed in Claim 1, characterized in that the carbon dioxide is added to the washing 
water of the stage and/or the pulp suspension immediately prior to the washing stage. 

3. The method as claimed in Claim 2, in which the washing is effected in at least two stages, characterized 
in that the carbon dioxide is added to all stages except the first stage. 

4. The method as claimed in any one or more of Claims 1 to 3 characterized in that the pulp is sulphate 
and/or chemi-mechanical (CTMP, CMP) pulp. 



Patentanspruche 

■ 

1. Verfahren zum Waschen einer alkalischen Zellulosepulpe, bei dem das Waschen in einem Oder meh- 
reren aufeinanderfolgenden Abschnitten durchgefuhrt wird, dadurch gekennzeichnet, da& wfihrend des 
Waschabschnittes Oder zumindest wahrend eines Waschabschnittes der pH-Wert durch Kohlendtoxid herab- 
gesetztwird. 

2. Verfahren nach Anspnjch 1, dadurch gekennzeichnet, da& das Kohlendioxid dem Waschwasser des 
betreffenden Abschnittes und/oder der Pulpensuspension unmittelbar vor dem WaschabschnHt hinzugefugt 
wird. 
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3. Verfahren nach Anspruch 2,* be! welchem der Waschvorgang zumindest zwei Abschnitte umfa&t, 
dadurch gekennzeichnet, daB das Kohlendioxid bei alien Abschnitten au&er beim ersten Abschnrtt hinzugefugt 
wird. 

4. Verfahren nach einem Oder mehreren der Anspruche 1 bis 3, dadurch gekennzeichnet, da& es sich bel 
der Pulpe um Sulfat- und/oder chemomechanische (CTMP ; CMP) Pulpe handelL 



Revindications 

1. Precede dans le lavage de la pfite cellulosique, alcaline, dans Jequet on effectue le lavage en une ou 
plusieurs stapes consecutives, caracterise en ce que Ton abalsse le pH avec du dioxyde de carbone dans 
I'etape de lavage ou au moins une 6 tape de lavage. 

2. Precede selon la revendication 1, caracterise en ce que Ton ajoute le dioxyde de carbone a I'eau de 
lavage de i'etape et/ou a la suspension de pate tmmediatement avant I'etape de lavage. 

3. Precede selon la revendicatbn 2, dans lequel on realise le lavage en au moins deux e tapes, caracterise 
en ce que Ton ajoute le dioxyde de carbone a toutes les etapes sauf a la premiere etape. 

4. Precede selon Tune quelconque ou plusieurs des revendi cations 1 d 3, caracterise en ce que la pfite 
est de la pdte au sulfate et/ou de la pate chimique-mecanique (CTMP, CMP). 
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